The aim of the present study is to examine microscopically the surface of dental enamel by using a scanning electron microscope (SEM), using their replicas formed in female patients with diagnosed periodontal diseases and systemic calcium deficiency. Replicas of dental enamel surfaces in patients referred for treatment of periodontal diseases were subjected to microscopic analysis. The replicas, after coating with platinum-palladium alloy, were examined under the scanning electron microscope at magnifications of 15-5000 x. Densitometric examinations of spine (L 2 -L 4 segment) revealed bone mineral density BMD T-score lower than -2.5 in 5 patients, in the range of -1.5 to -2.5 in 10 patients, and higher than -1.5 in the remaining patients. Non-homogenous images of surfaces in the form of light and dark areas were observed. Light areas corresponded to damaged surfaces of dental tissues. Patients with higher systemic calcium deficiency had areas lighter in color. More of these areas were found in patients with higher systemic calcium deficiency. It can be assumed that the calcium deficit is likely to appear in the selected dental tissues, particularly in the dental enamel.
Introduction
Osteoporosis is the most common systemic skeletal disease, characterised by a reduced amount of calcium and phosphorus in bone, thus causing reduced bone strength with the main complication of osteoporosis; i.e., bone fractures. This disease affects large segments of elderly populations, especially postmenopausal women [1] . It is estimated that osteoporosis affects the skeletal bone of 75 million people in Europe, Japan, and the USA [2] . It has been reported that it does have an effect on the bones of the skull which may have consequences for the maxilla and mandible, thereby influencing treatment of fractures and the use of dental implants [3] . Osteoporosis is one of the diseases associated with periodontopathies [4] . Periodontal diseases are pathologies involving tooth-surrounding tissues such as gingiva, periodontal ligament, root cement and alveolar bone. Some authors define them as local osteoporosis due to the radiographic image of periodontium, showing morphological changes in bone and loss of microelements [5, 6] .
But the association between osteoporosis and oral health remains a matter of controversy. Evidence from contemporary studies supports the contention that individuals with osteoporosis may be at increased risk for signs of oral osteoporosis. However, such risk has not definitively been established [7] [8] [9] as also the statement that panoramic dental radiographs may be useful to detect individuals with low bone mineral density (BMD) [10] [11] [12] . Based on these reports, further studies are needed to investigate the inter-relationship between the systemic and oral bone loss, and to find a useful method that dentists can provide for detection of osteoporosis. There are no findings which explicitly confirm that the degree of osteoporosis progression influences the destruction of tooth enamel. Our study presents the possibility of noninvasive examination of the tooth enamel surface by using replicas in patients with calcium deficiency.
The aim of the present study was to microscopically examine the dental enamel surface structures in scanning electron microscope (SEM) using their replicas constructed in female patients with diagnosed periodontal diseases and systemic calcium deficiency.
Experimental Procedures
The study included 24 women, between the ages of 25-60 years -with a mean age of 50 -out of 125 patients admitted to the Department of Periodontology and Oral Mucosal Diseases at the Medical University of Łódź, for treatment of periodontal diseases. The patients were subjected to the complete clinical and radiological dental examination and also the densitometric analysis of the back (L 2 -L 4 segment); the latter one was carried out in the Regional Centre of Menopause and Osteoporosis in Łódź.
The examination was performed using dual-energy X-ray absorptiometry of 45 and 75 keV (DEXA). Bone mineral density within the body of vertebrae L 2 -L 4 was determined in g/cm 2 , standard deviations and percents, by comparing the experimental results with the expected values for healthy women, aged 20-40 years. The criterion used to establish osteoporosis was the negative deviation of mineral density exceeding 2.5 of standard deviation from the norm for Caucasian female populations.
Replicas of enamel surfaces of incisors were used in the study. Replicas were made of the Evicrol composite material (Spofa). Teeth with vital pulp without caries, erosions of noncarious origin, and mechanical injuries were selected for replicas. Prior to making replicas, the area examined was protected against saliva with cotton rolls, and labial surfaces of the teeth were rinsed with a stream of water and dried. Individual replicas were stored in containers labelled with the patient's number and the symbol representing the site of replica collection from the enamel. Twenty-four enamel replicas were made and then the tooth-contacting surface of the replicas were coated with a coal and platinum-palladium alloy (consisting of 22% palladium), and layers with a thickness of a dozen nanometers in a vacuum device -JEOL X3P.
The analysis of the whole surface of replicas were performed in a Scanning Electron Microscope Hitachi S 3000N, at 15-5000x magnification. The observed pictures were binarised (Figure 1) , and then the percentages of the injured dental tissue surfaces were calculated using the Met-Ilo programme for quantitative metalography. For improve images, the depth of the injuries observed on the surface of the chosen replica were measured using the Laser Scanning Microscopy (LSM) method, performed by the 5 Pascal Laser Scanning Microscope (Zeiss). In addition, microscopic analysis of the two extracted teeth from both the osteoporotic and healthy patients were conducted. With both groups of teeth, the percentages of calcium and phosphorus elements were calculated.
Results
The BMD results in densitometric examinations were as follows: in 5 patients the T-score was above -2.5, in 10 it ranged from -1.5 to -2.5, and in the remaining patients it was within the norm.
The microscopic surface image of the removed injured tooth in the patient with calcium deficiency is presented in Figure 2 .
The image of replica surfaces in SEM appeared to be non-homogenous. The entire injured surface of the enamel can be observed in Figure 3 . Light and dark areas were observed (Figure 3a) . Analysis of light areas revealed that they were uneven with more developed surfaces, whereas darker areas were smoother. The photomicrographs show that the light areas contain the damaged surface of dental tissues. Percentages of their amount in the whole replica surfaces for all specimens were calculated. The results of these calculations are presented in Table 1 and Figure 4 .
The depth of the injuries observed on the surface of the replicas was evaluated. The studies performed by means of the scanning laser microscopy indicated that the depth of osteoporotic lesions were several dozen micrometers. A sample image of the injured area with the marked depth of the hollows is presented in Figure 5 .
The results showing the percentage of Ca and P content evaluated in the extracted teeth from osteoporotic and healthy patients were compared and can be found in Table 2 .
Discussion
Since dental surfaces are subjected to numerous external factors (e.g., food mastication, toothbrushing, treatment-induced mechanical injuries), the study included subjects who were not previously treated for periodontal diseases and who did not undergo professional, mechanical hygienic procedures that would affect the structure of enamel surface. Anterior teeth selected for making replicas were clinically intact, containing no lesions. Therefore, it is likely that dental lesions observed in the replicas studied are not of external origin but are associated with systemic calcium deficiency occurring in patients whose teeth were used for making replicas. The method of electromicroscopic evaluation of the dental surface structure by means of replicas has been until now the only method used in vivo. Due to high resolution, depth of field of SEM images and also good mapping ability of the material from which replicas were constructed, made it possible to analyse the examined surface very precisely. Recording SEM images enables multiple comparison at different periods of time, while computer processing of images helps to carry out the quantitative analysis of the obtained results.
The available literature contained no reports on the in vivo evaluations of dental hard tissues in patients with osteoporosis. The method of investigation used in the present study does not damage tissue surfaces. Making replicas in clinical environment is inexpensive, rather simple, and can be reproduced. SEM evaluation of replicas is time consuming, but the method of micrographs allows for their decimal-to-binary conversion, and analysis using available programmes for quantitative assessment (e.g. the Met-Ilo programme used in this study), speeds up the process considerably, thus providing and enhancing the evaluation of quantitative tooth surface damage.
The image of the extracted tooth surface from the patient with systemic calcium deficiency presented in Figure 2 , shows the character of dental enamel lesion. Lesions of various sizes and depths are visible on its surface. Such sites on replicas at lower magnifications are observed as light areas. The photomicrographs of dental surface replicas (Figure 3 a,b) demonstrate the diversified character of lesions in individual patients. Similarly, the size of the injured tooth surface varies in the group studied.
Lesions on tooth surfaces occurring in osteoporotic patients are not just microscopic but also involve changes in the chemical composition of the dental enamel. Comparative studies on intact teeth and those in patients with osteoporosis reveal considerable deficiency a b c d Table 2 . Results of dental tissue chemical analysis.
in calcium and phosphorus within the damaged areas of the investigated surfaces (Table 2 ) (Bałczewska E., Klimek L., The analysis of the morphological structure of dental tissues on the basis their SEM replicas in patients with systemic hypocalcemia, 2003, Congress of the Polish Osteoarthrology Society). Thus, the higher the calcium deficit in the organism, the higher the Ca and P loss in dental tissues. This pertains to the mean percentage composition of these elements in the whole enamel, as well as in the changed areas. Ca and P contents in the intact sites in patients with osteopenia are comparable to the contents of these elements in patients without calcium deficiency. A lower level of calcium and phosphorus does not indicate that mineral parts of the tooth have been impoverished by these components. Hydroxyapatites making up the tooth enamel have a constant composition. A lower amount of Ca and P results from the fact that the amount of these mineral components in the tooth enamel has decreased and there are more organic constituents in the general composition (what in effect leads to their lower contents detected by means of the radiographic microanalysis) [13] . The results suggest that the replicas made of the Evicrol composite material can be used for the SEM analysis of the enamel surface. Based on the research conducted, it can be assumed that systemic calcium deficiency is responsible for destruction of its surface in dental enamel. The size of the damaged surface is greater when calcium deficiency is higher (with a lower BMD T-score).
